Abstract. The spectral region around the X4172 A resonance line of gallium has been synthesized at disk positions , 1 = 1.0, 0.5, and 0.3. The center-limb variation can be reproduced by Elste's semiempirical model if a macroturbulent smearing of the emergent spectrum due to mass motions with mean velocity decreasing with altitude are introduced. The abundance of Ga derived from disk position ;i = 1 is found to be log [N(Ga)/N(H) ] + 12 = 2.80.
Introduction. The terrestrially rare element gallium is represented in the solar spectrum by one line, the resonance line X4172 A, which is tractable for abundance studies. Even so, X4172 A is severely blended with Fe X4172 and the blue wing merges with a strong Fe, Ti X4171.9 line.
Rather than deriving an equivalent width for Ga X4172 based on assumed profiles of Ga X4172 and the neighboring lines, we include the neighboring lines as sources of bound-bound opacity; the product g.fnn'N(el)/N(H) is adjusted so that the computed emergent spectral region around X4172 matches the observed region. I The bound-bound sources considered are listed in Table 1 .
Observational Material. If we are to have confidence in the results of an analysis, all observations must be reproduced to within the observational error. Until high spectral resolution, temporal resolution (i.e., -10 see), and spatial resolution (i.e., <1 arc see on the solar disk) are available, the theory employed in this analysis is as involved as need be.
In this analysis we employ spectrum scans obtained by Mohler and Mitchell2 at disk positions js = 1.0, 0.5, 0.3. The instrumental profile is assumed to correspond to a Doppler profile having an RMS velocity VRMS < 1 km/sec and the scattered light is assumed to be <2% of the recorded monochromatic intensity.3
Atomic Parameters. The fundamental parameters of concern to an abundance analysis are the oscillator strength fAn' and, in the case of stronger lines, the damping constant rF,'.
In a local thermodynamic equilibrium analysis fon' enters the problem in the form f0,'N(el)/N(H). Hence, the f value of the perturbing lines need not be known; the product Nf is adjusted until the computed and observed regions match. For Ga X4172 we adopt the value from Cunningham and Link4 log(gf) = -0.336 which is in good agreement with Penkin and Shabanova's6 value log (gf), = -0.284 and Corliss and Bozman's6 value log(gf) = -0.274. Lawrence, Link, and King' give log(gf) = -0.516 and Demtroder8 give log(gf) = -0.468, values in fair agreement with the adopted log(gf).
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Damping constants enter the problem in a less direct manner. Reasonable values of r have no effect on weaker lines but affect medium to strong lines in two ways: line shape and intensity. In the solar photosphere the dominant source of damping is a result of van der Waals interactions with neutral hydrogen. Also, above ro < 0.05, radiation damping becomes important.
Since reliable van der Waals interaction constants, rF, are not available, we adopt Uns6ld's9 approximation (Aller, 10 p. 320). Radiation damping is taken to be rRAD = 3/g'n 2gn fonn-(ref. 10) and in the case of Ga X4172 rRAD = 1.1 7Y, where or, = 2.2 X 105/X2[A ] is the classical damping constant. Damping for the perturbing lines is set to rRAD = yr and r, = Uns6ld's value. In all cases stark and quadrupole broadening (rI) are ignored and the line profile is assumed to be a voigt profile with damping half width r, + r,.
Photospheric Model. Inhomogeneities in the solar photosphere caused by penetration of the convection zone into the photosphere are evidenced by the granular appearance of the photosphere. The observed spectrum represents the emergent spectrum averaged over a great number of granules and in principle, the predicted spectrum should involve the calculation of a number of points on the disk using an inhomogeneous model.
The inhomogeneities can be separated into two general categories: temperature fluctuations and velocity fields. If the emergent intensity were linearly related to the temperature fluctuations, an average model would be valid. Unfortunately, the intensity-temperature-relation in the continuum and, especially in the line, is nonlinear and an average model might be a poor approximation. On the other hand, assuming temperature inhomogeneities based on present observations might yield a spurious result.
Velocity fields affect the emergent spectrum in two ways: intrinsically (microturbulence, i) and extrinsically (macroturbulence, S). A study of blended regions at ,4 = 111 indicates t<1 km/sec and Z-~2 km/sec; i.e., mass motions on the scale of more than several hundred kilometers having VRMS -2 km/sec would explain the emergent spectrum at ,u = 1.
Ulrich12 has computed theoretical convective models which indicate a moderate-scale mass motion that decreases from VRMS > 2 km/sec at T5000 = 10 to VRMS 0 at T5000 < 0.001. The result is dependent on physical assumptions, but discussions with Ulrich led us to investigate the possiblity that large-scale mass motions are responsible for observed line broadening' and the variation with height of VRMS is responsible for intrinsic line broadening; i.e., cc IZ(r, = 0.5) -(T = 1. 5)1 << where r, is the monochromatic optical depth in the line or continuum.
For this analysis we adopt the (averaged) semiempirical photospheric model of Elste,13 ignoring temperature fluctuations. The effects of large-scale mass motions on the emergent spectrum is currently being studied and the preliminary results indicate that the best isotropic value of 2(T) is that shown in Figure 1 . Allowing for at least 0.5 km/sec error in the empirical VRMS, the agreement between the empirical and Ulrich's theoretical VRMS is encouraging.
Results adjust physical parameters to fit the region at ,u = 1 then look at the difference between the predicted and observed regions at js = 0.3.
No average model or choice of depth-independent value of t or Z could be found which would reproduce the observations at all ,u. On the contrary, an inspection of Figures 2 and 3 indicates that a higher value of z fits the regions around blended line wings which are formed in deeper photospheric layers, while a lower value of z fits regions around blended line cores which are formed in shallow photospheric layers. Allowing S: to decrease with altitude as in Figure 1 , does not greatly affect abundances derived from observations at gu = 1, but greatly improves the fit of the spectral regions at Mu = 1 and 0.3. In this instance, profiles calculated with the adopted variation match observations to within observational accuracy. The final atomic parameters employed are listed in columns list the element and ion, the adopted wavelength, lower excitation potential in volts, adopted log(gf), A = log [N(el)/N(H) ] = 12. The last three columns are factors by which the classical damping constant is multiplied, the factor by which Unsold's approximation to the van der Waals constant is multiplied, and the stark displacement expressed in cm-'/100 km field. Conclusions. The abundance derived from the disk center, A = 1, is not a strong function of the model employed or the macroturbulent velocity about r,, < 0.1. Decreasing 2 with increasing height brings the abundance derived at 1A = 0.3 into accord with the disk center, and the required variation of Z with T agrees with Ulrich's predicted VRMs variation.
Further analysis of a large number of regions might give information regarding anisotropy of the macroturbulent field and the effects of temperature inhomogeneities. The important result is that abundance determinations based on observations at M = 1 are not strongly dependent on the variation of Z with r.
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